Background The full scope of benefits offered by NOTES over traditional laparoscopy, if any, is not yet fully clear. Perceived patient demand for truly ''scarless surgery'' is often referenced one of the driving factors in the continued development of this relatively new technique. The true scale of patient preference and demand for NOTES as a surgical technique is unknown. This review aims to summarise currently available literature on the topic of patient perceptions of NOTES to guide future development of the technique. Methods A comprehensive search of PubMed and Web of Science electronic databases was performed on 1st Jan 2014. To be considered for inclusion, articles were required to assess and report the perception of NOTES in a sample of laypersons (patients or general public). The primary endpoint assessed was acceptance or preference rates expressed by patients for NOTES procedures. Reasons given for preference or rejection of NOTES were recorded, as well as preferred access routes and any predicting factors of NOTES acceptance. Results Initial search returned 1,334 results, resulting in 15 articles included in final data synthesis. These polled a total of 4,420 subjects. Acceptance of NOTES ranged between 41 and 84 %. Compared to a laparoscopic approach, preference rates for NOTES ranged from 0 to 78 %. Reasons for preferring NOTES were largely centred on potentially reduced recovery time, complications (particularly with reference to hernias) and postoperative pain. Improved cosmesis also played a role, but was secondary to the above issues. Overall, study quality was poor. Conclusions This review suggests significant public interest in NOTES and scarless surgery in general. Further research and consideration of differences in public perceptions across regions, countries and cultures are required.
laparoscopy [4, 5] , fewer comparative trials exist for NOTES, which continues to be developed as a relatively novel surgical technique. Initially performed predominantly transvaginally [6] , transrectal and transgastric routes of access to the peritoneum are now also common [7, 8] .
The full scope of benefits offered by NOTES over traditional laparoscopy, if any, is not yet fully clear. The lack of external incision represents an obvious cosmetic advantage. Additionally, it has been suggested that the NOTES approach results in reduced postoperative pain and wound complications, though conclusive evidence is yet outstanding [9, 10] . However, such potential advantages are tempered by a lag in NOTES-specific instruments and technologies [11] , as well as the increased technical difficulty which may result in higher operative times or complication rates [9, 11] .
In such context, perceived patient demand for truly ''scarless surgery'' is often referenced one of the driving factors in the continued development of NOTES [12, 13] , as was seen in early trials of laparoscopy, which saw rapid spread of the technique in advance of scientific trials of safety and efficacy [14] . Despite a number of single-centre studies, however, the true scale of patient preference and demand for NOTES as a surgical technique is unknown. This review aims to summarise currently available literature on the topic of patient perceptions of NOTES to guide future development of the technique.
Methods

Literature search
A comprehensive search of PubMed and Web of Science databases was performed from inception to 1st Jan 2014. The search terms ''perception'', ''opinion'' or ''survey'' were combined using Boolean ''and'' operands with ''surgery'' and any of the following: ''transgastric'', ''transvaginal'', ''transrectal'' or ''natural orifice''. The search also incorporated the following MeSH terms: ''data collection'' and ''perception''.
After de-duplication, returned results were searched by title and abstract for candidate articles. These were then retrieved in full and included in final analysis if they met the selection criteria as defined below. The literature search was conducted in accordance with PRISMA recommendations [15] , by two independent researchers (PHP, ACL); search results were combined and any discrepancies resolved by consensus.
Selection criteria
Criteria for article inclusion in the review were defined in advance. Letters, abstracts and reviews were excluded. To be considered for inclusion, articles were required to assess and report the perception of NOTES in a sample of laypersons (patients or general public). Studies which polled only health professionals were excluded, as this represents a potentially biased sample. Furthermore, studies which only assessed attitudes towards the concept of ''scarless surgery'' in general, without specifying NOTES or describing NOTES procedures, were also excluded.
Endpoints
The primary endpoint assessed was acceptance or preference rates expressed by patients for NOTES procedures. Reasons given for preference or rejection of NOTES were recorded, as well as preferred access routes and any predicting factors of NOTES acceptance.
Quality assessment
Lacking a validated quality tool for cross-sectional questionnaire studies, we selected four key criteria to judge study quality and risk of bias. Firstly, whether the questionnaire or survey used had been previously validated or undergone a validated development process to minimise bias in the wording of the questions. Secondly, the method used to describe NOTES to study subjects, and whether this was included or reported in the study, as a biased or nonstandardised description would in turn bias answers otherwise. Third, we considered how subjects were selected (selection bias), and finally, questionnaire response rates, where applicable.
Records identified through search n = 1334
Records after deduplication n = 1059
Records after search of abstracts n = 23
Articles included in final analysis n = 15
Reasons for exclusion:
Did not meet criteria (5) Multiple populations polled, results not reported separately (1) Unable to retrieve (2) 
Results
The initial database search returned 1,334 results, which were reduced to 1,059 after de-duplication. Searching titles and abstracts returned 23 candidate articles, with 15 peer-reviewed articles included in the final data synthesis (see Fig. 1 ). All of the included studies utilised a cross-sectional questionnaire approach, including a total of 4,420 subjects (not including 195 health professionals included in one study [16] ), 57 % of which were female (see Table 1 for study demographics). These included primarily surgical outpatients (n = 4168), but also members of the general public (n = 252). Subjects were asked to consider a variety of NOTES procedures compared to currently available laparoscopic or open approaches, including cholecystectomy (8/15 studies), appendicectomy (3/15 studies), tubal ligation (1/15), bariatric surgery (1/15) or nephrectomy (1/ 15).
Preference for NOTES
Within the included studies, three different questionnaire structures were used. Subjects were either asked whether they would accept a NOTES procedure, whether they would prefer NOTES to either a laparoscopic or an open approach given the current state of knowledge (with NOTES generally described as ''experimental [17] '', or with ''risks not well quantified [18] '') or finally whether, given a hypothetical situation in which accrued evidence were to demonstrate equal efficacy and safety, they would prefer NOTES when compared with other approaches (see Table 2 ). Acceptance of NOTES was considered in four studies, with variable results. Ross et al. [19] asked 152 members of the general public whether they would accept a hypothetical NOTES procedure, assuming equal safety and risk to other approaches, with only 39 % responding positively. However, other studies reported much higher rates, even without the presumption of established safety, with acceptance ranging between 41 [20] and 84 % [21] .
When asked to compare to laparoscopy, preference rates for NOTES ranged from 26 [22] to 78 % [23] in seven studies. Across all studies, 48 % (1,163/2,405) patients indicated a preference for NOTES. Curiously, this preference rate was lower in four studies which assessed subject preference in the context of presumed established safety for NOTES equivocal to laparoscopy, ranging from 4 [24] to 68 % [25] , or only 17 % (118/711) overall. Reasons for preferring NOTES were largely centred on potentially reduced recovery time, complications (particularly with reference to hernias) and postoperative pain. Improved cosmesis also played a role, but was secondary to the above issues. The only study in which cosmesis was cited as the primary deciding factor (cited by 82 % of 200 subjects), by Bucher et al. [24] , reported preference rates of only 4.5 % for NOTES, in favour of LESS (86 %).
The most common reasons cited for the rejection of NOTES were a lack of evidence, the fact that NOTES is a yet unestablished procedure and safety concerns. Concerns regarding the access route were reported in only three studies. All patients less than 40 years of age reported concerns about their sexual function when considering transvaginal bariatric surgery in the study by Rocchietto et al. [22] . In a single study, a minority of patients (14 %) were reported by Kim et al. [26] to reject NOTES because of the route of access.
In the five studies which also asked about preference of NOTES access routes, four reported an overwhelming preference for transoral or transgastric access [18, 22, 23, 26] , whereas transrectal access was the preferred route in the study by Hucl et al. [27] . All studies which included the option of transvaginal access reported this to be the least preferred option.
There were no clear demographic patterns for those interested in NOTES.
Study quality
Overall, study quality was poor with a high risk of bias (see Table 3 ). The development process for the surveys used in each study was reported by only two studies [20, 28] . The explanation of NOTES as a concept was limited to written information in all but one study and did not examine subjects' understanding afterward-Sulz et al's [17] researcher-led explanation was standardised but at risk of bias through direct involvement of the research team. The majority (8/16) of studies sampled a convenience sample, resulting in possible self-selection bias.
Discussion
This review is the first to summarise current knowledge on public perception of NOTES, and attempts to quantify Overall, studies directly comparing NOTES to laparoscopic or LESS approaches found that 48 % of subjects indicated a preference for NOTES, suggesting significant public interest in the technique. Cultural differences in accepting NOTES are likely to play a major role when assessing acceptance rates of NOTES. Responses to routes of NOTES access, acceptance of risk associated with new techniques, interest in new technologies and body image or perceived importance of cosmesis are liable to vary significantly between cultures and will affect results of such cross-sectional studies [18] . Additionally, age- [19, 29] and education-related [30] differences were reported in some studies, possibly reflecting the effects of these factors on patient choice relating to risk adversity or cosmesis.
Perhaps most importantly, this review examines some of the most common reasons for patient refusal of NOTES. Concerns over the access route, or technical details of the procedure itself, interestingly, were reported by a single study only [26] . Instead, almost all other studies cited concerns over safety, and patients' concerns over the lack of established evidence, as the primary reason for patients' preference of other procedure types. Although the four studies which asked patients to assume equivocal safety between NOTES and other techniques found only very low acceptance rates, this may have been affected by questionnaire bias. The majority of studies, therefore, would appear to suggest significant interest, and indeed preference, for NOTES, if sufficient evidence to demonstrate its safety was to become available in future.
The conclusions drawn from this review are limited by the poor quality of evidence currently available. The unstandardised nature of the questionnaires used in the included studies places them at high risk of bias, as the researchers involved in each were also the designers of the questionnaire, and unlikely to hold equipoise in regard to NOTES. Similarly, the information provided to patients was provided by the research team, in brief written form, without examining patient preconceptions, understanding or retention of the information given to them. The potential for bias and many potential pitfalls of such an unstructured approach are well known [31] , ranging from unconscious bias in the phrasing of questions or explanations, to the use of technical or complex language not appropriate for a general audience. For example, it is impossible to know whether the relationship between higher education and greater acceptance of NOTES reported by several studies [27, 29, 30] represents a true association, or merely improved reading comprehension of the written literature provided, in this group. Forcing patients to choose between options they may not fully comprehend will result in potential bias and falsification of data. In Rao et al's study of 721 patients and health professionals, it presented with a choice of LESS or NOTES in the context of requiring an emergency appendicectomy, 6 % of respondents refused surgery altogether. Whilst this may represent a true sample, the high number of patients refusing a potentially lifesaving procedure does raise questions as to the quality of the educational information provided to patients, and validity of the questionnaire.
Future research in this area should ideally utilise a standardised questionnaire developed by a multi-disciplinary team experienced in survey-or questionnaire-based qualitative research. Appropriate explanation of the nature of NOTES, its risks and benefits should be provided in a standardised, thorough and easy to understand fashion, to a pre-defined sample of the population.
In summary, the results of this review suggest significant public interest in NOTES, and scarless surgery in general. However, this interest is tempered by the current relative paucity of evidence for NOTES and uncertainty as to its safety and comparability to existing minimally invasive surgical approaches such as laparoscopy or LESS. Greater attention to survey methodology may provide a more accurate estimate of public perceptions, which are likely to vary greatly between regions, countries and cultures. In this manner, as with laparoscopy before it, public preference and surgical innovation may continue to act synergistically to drive further refinement of NOTES as a surgical technique.
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